Following a five-hour procedure, it was not possible to remove a double-lumen endobronchial tube that had been placed to facilitate the removal of a massive spleen from a 45-year-old female. The tube had been passed easily at the start of surgery, but was firmly stuck at the level of the cricoid at the end of surgery. Surgical removal of the tube by a cricoid split was required 48 hours later. Consideration of previous airway manipulations, careful choice of airway devices and regular checks of airway patency around tracheal tubes during lengthy procedures may prevent similar events in the future.
Difficulty with tracheal intubation is a well known complication of general anaesthesia. Difficulties arising at extubation are less common and the occurrence of a physical impediment to extubation is something that very few anaesthetists would have experienced. The scarcity of reported cases in the medical literature is indicative of the low incidence of difficult extubation with the majority of these difficulties being due to incomplete deflation or folding of the tracheal tube cuff [1] [2] [3] [4] [5] [6] [7] or inadvertent surgical fixation of the tube [8] [9] [10] [11] [12] [13] [14] .
We report a case of difficult extubation of a doublelumen tube that required a cricoid split operation to facilitate its removal.
CASE HISTORY
A 45-year-old woman required elective revision of a mesocaval shunt and splenectomy. She had a history of idiopathic portal vein thrombosis for which she had undergone previous portocaval and mesocaval shunt procedures with revisions and had had previous intensive care admissions. She also had proliferative myelofibrosis with massive splenomegaly and mature-onset insulin-dependent diabetes mellitus. She weighed 82 kg and had a body mass index of approximately 28 kg/m 2 . She did not give any history of airway difficulties and had no clinical evidence of airway obstruction.
The planned surgical approach was via a midline laparotomy. However, the spleen was so large that extension to a left thoracotomy was considered likely. Therefore the anaesthetic plan included the placement of a double-lumen endobronchial tube to facilitate one-lung ventilation if required.
Following placement of a mid-thoracic epidural, general anaesthesia was induced using infusions of propofol and remifentanil with intermittent boluses of rocuronium. A single-use, left-sided, medium-sized Robertshaw endobronchial tube (Phoenix Medical, Lancashire, U.K.) was inserted under direct vision and its position was checked by flexible bronchoscopy. Laryngeal cannulation was easy with no obstruction to insertion or tightness of fit. A stylet or introducer was not required to assist intubation. An air leak around the tube was confirmed prior to inflation of the tracheal cuff.
Surgery was complicated by dense adhesions throughout the peritoneum. After five hours, the patency of the mesocaval shunt had been revised but a splenectomy was considered to be impractical at that time due to dense adhesion to the abdominal wall and the risk of massive blood loss. A thoracotomy was not performed and one-lung ventilation was not required. The intraoperative blood loss necessitated fluid replacement with crystalloid 4 litres, packed red blood cells 4 units, and 4% albumin 500 ml. Heart rate and arterial and central venous pressures remained stable and within normal limits throughout the procedure.
At the conclusion of the case an attempt was made to remove the double-lumen tube. Both cuffs were fully deflated but it was not possible to move the tube within the larynx in spite of careful, yet quite forceful traction. Direct laryngoscopy revealed no supraglottic oedema or constrictions and the vocal cords did not appear to be tight against the tube. Manipulation of the tube produced movement of the entire larynx as if the subglottic structures were tightly adhered to the tube. A flexible bronchoscope was passed through the tracheal lumen to confirm that the bronchial tube was freely mobile within the left main bronchus and that its cuff was fully deflated. No air leak was noted around the tracheal tube with airway pressures to 50 cmH 2 O despite full deflation of the cuffs. A leak was present around the deflated endobronchial cuff with gas passing up through the tracheal lumen, confirming that the problem was not with the endobronchial part of the tube but in the subglottic region.
The patient was transferred to the Intensive Care Unit (ICU) where she was nursed in a 20° head-up position and received intravenous dexamethasone 5 mg six-hourly. Further attempts at extubation were made incorporating the application of waterbased lubricants and topical vasoconstrictors (0.5% phenylephrine) around the tube from above the constriction, but the tube remained stuck. The opinion of an ENT surgeon was sought, as there was concern about trauma to the mucosa of the trachea and larynx. Forty-eight hours after the double-lumen tube was inserted, the patient was returned to theatre for its surgical removal.
Under general anaesthesia, a transverse skin incision was made at the subcricoid level. A faint tracheostomy scar was noted in a skin crease. Extensive scarring was released from about the trachea and a window was cut in the third tracheal ring with a vertical split extended superiorly. An ossified cricoid cartilage was noted to be tight around the double-lumen tube and it was only after an anterior cricoid split was performed that the tube was released and able to be removed. A temporary tracheostomy was then formed using an 8mm ID cuffed tracheostomy tube.
Examination of the tracheal mucosa revealed minimal oedema and a small area of abrasion on the posterior surface at the level of the cricoid. Laryngoscopy showed some reactive oedema of the arytenoids and aryepiglottic folds. Inspection of the double-lumen tube showed that it was structurally intact with only some smudging of the printing on its external surface where the constriction had occurred.
The patient made a good recovery and the tracheostomy was decannulated seven days later. Apart from some temporary hoarseness of voice due to contact granulomata on the aryepiglottic folds, she had no long-term effect on her larynx, trachea or bronchi.
DISCUSSION
Difficulties associated with extubation are usually a result of premature extubation and the inability of the patient to maintain their own airway or ventilation. Very rarely is there a physical impediment to the removal of the endotracheal tube. A literature search on the subject revealed only a small number of case reports and a single review article by Hartley and Vaughan 15 which briefly describes the reported causes of failure to extubate before going on to discuss the more common problems that can be encountered following extubation.
Difficult extubation may be due to an inability to fully deflate the tracheal cuff 1,2,3 or a folded cuff catching on the vocal cords [4] [5] [6] [7] . Anatomical abnormalities such as laryngeal web 16 , a large anterior commissure tumour 17 and congenital subglottic stenosis 18 have also contributed to difficult extubation by catching on the cuffs of endotracheal tubes. Forceful intubation with an inappropriately large endotracheal tube has also led to difficulties at extubation 19 .
Physical transfixion or entanglement by other surgical or anaesthetic hardware have occasionally caused an inability to extubate. Kirschner wires 8, 11, 12 , sutures 9,14 , screws 13 , drill bits 13 and nasogastric tubes 10 have all been reported to hinder the removal of endotracheal tubes. Two of these cases have involved double-lumen tubes 9, 14 . In both cases the tube was inadvertently caught by surgical sutures during thoracic surgery and resulted in significant trauma when attempts were made to extubate. In one case fatal circulatory collapse resulted from the rupture of a pulmonary artery 9 . A more recent case report describes a 7 cm tracheal tear occurring in association with the extubation of a double-lumen tube 20 .
The difficulty experienced in the case we present was probably due to a combination of factors. Firstly, the patient undoubtedly had an unrecognized subglottic stenosis. Preoperatively, both the trainee and consultant anaesthetists independently interviewed the patient and both failed to elucidate that during a previous ICU admission (for non-airway-related reasons), the patient had had a percutaneous tracheostomy. The scar from this was all but invisible in the skin folds of her neck and only became evident during the dissection for the cricoid split. The scarring about the trachea caused by the previous cannulation would have produced narrowing and a decreased compliance of the trachea in that region. If the history of prior tracheostomy had been known preoperatively, it is uncertain whether the decision to use a double-lumen tube would have been any different, as the patient had no clinical evidence of upper airway obstruction.
The second factor that led to the failure to extubate was the choice of double-lumen tube. The Robertshaw endobronchial tube is a pre-formed doublelumen tube made from a semi-rigid red rubber compound. Unlike the original Robertshaw tubes, which were re-useable, the tube produced by Phoenix Medical is marketed for single use only. It is available in left and right-sided versions and three sizessmall, medium and large. A left-sided medium-sized tube would be appropriate for an average-sized adult female. Its pre-formed, semi-rigid structure may make it easier to place without the need for an introducer and more resistant to kinking and displacement than the more malleable PVC tubes such as the Bronchocath (Mallinckrodt, MO, U.S.A.). The less compliant and rougher surface of the Robertshaw tube may have contributed to it becoming so tightly stuck. We postulate that in spite of an easy insertion and the presence of an air leak prior to inflation of the cuff, over the course of the surgery with significant fluid resuscitation, swelling within the already narrow subglottic region was sufficient to firmly grip the double-lumen tube and prevent its removal.
The measures that were employed to try to release the tube were aimed at reducing the swelling in the region by head-up positioning, intravenous dexamethasone and topical vasoconstrictors as well as introducing water-based lubricant from above to decrease the friction of the rubber tubing. During the 48-hour period in ICU, anaesthesia with muscle relaxation was maintained and further attempts were made to extract the tube but it remained firmly in place. There was a concern that such tight swelling might lead to ischaemia and necrosis of the tracheal mucosa and it was decided that surgical removal was the only option. Plain X-rays showed that both cuffs were fully deflated and that the subglottis was in close contact with the tube. CT imaging to help define the anatomy of the constriction was not done as it would not have altered the surgical approach.
Cricoid split is a procedure most commonly used to improve the patency of the upper airways of infants who develop subglottic stenosis following prolonged tracheal intubation 21 . We are unaware of any previous cases where such a procedure has been required to facilitate the removal of an endotracheal tube. While there was evidence of scarring of the upper tracheal rings from the previous tracheostomy, the tight constriction around the double-lumen tube was primarily due to scarring and calcification of the cricoid cartilage. This was evident by the immediate release of the tube once the cricoid split had been performed.
While this is a unique and unexpected case, a number of recommendations can be made to avoid similar events in the future. Firstly, a history of airway manipulations should be sought. In particular, if a patient has previously been admitted to an ICU they should be questioned about any previous tracheostomy or long-term intubation that may predispose to laryngeal or tracheal scarring. Secondly, the choice of airway device should be carefully considered and the potential for trauma and harm weighed against the potential benefits. Thirdly, the presence of an air leak around an endotracheal tube should be confirmed prior to inflating the cuff and reconfirmed during a prolonged case by deflating and re-inflating the cuff regularly. The absence of an air leak around a deflated cuff suggests that the tube is too large for the airway and changing to a smaller tube should be considered. If a leak was originally present but cannot be detected on subsequent deflation of the cuff, failure of the cuff or pilot tube should be excluded and the possibility of airway oedema that may lead to potential difficulties at extubation considered.
The decision to change to a smaller double-lumen tube should not be made lightly, especially midway through thoracic surgery. Smaller double-lumen tubes have their own complications such as distal misplacement, requirement for larger cuff volumes and pressures and higher resistance to gas flow. Insertion of the largest double-lumen tube which is easily passed whilst still providing a small air leak prior to cuff inflation should remain the best practice.
In summary, inability to extubate is very rare but should be approached in a systematic way. There should be consideration of the tracheal tube and the deflation of the cuff, the presence of any altered anatomy causing a constriction and the possibility that other hardware may have transfixed or entangled the tube. In this case the swelling of a narrow, non-compliant airway around a pre-formed, noncompliant tube necessitated the extreme measure of surgical intervention to allow extubation.
